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THE YARDSTICK OF THE UNIVERSE* 
By J. W. DurFie 


HE question of distance always exerts a strong fascination on 

everyone who studies astronomy. When we see a planet or a 
distant galaxy in the telescope, our first thought is, “How far away is 
it?”, and though the answer may be a string of figures so long as to 
be meaningless, we nevertheless enjoy the feeling we get of our own 
insignificance as measured against the immensity of the universe. In 
view of this interest in distance, it occurred to me that it might be 
worth while to discuss the most important of all astronomical dis- 
tances, the astronomical unit or the average distance between the 
earth and the sun. 

Let us see why this measurement is such an important one. In 
measuring ‘the distances of those of the stars which have been meas- 
ured directly, the astronomer uses methods similar to those used by 
surveyors in finding the distance to inaccessible objects on the earth. 
When a surveyor wishes to measure the width of a river, for example, 
he lays out a base-line of known length along the side of the river. 
He then sights with his theodolite on a mark on the other side of the 
river from one end of his base-line, then moves to the other end of the 
base-line and directs the instrument on the same mark, noting care- 
fully in each case the angle made by the base-line with the line to his 
mark on the other bank. Knowing the length of the base-line and the 
two angles, it is a simple problem in trigonometry to calculate the 
required distance across the river. 


*Address before the Montreal Centre at its Annual Meeting on October 
30, 1947. 
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When we come to measure the stars, however, the problem is 
complicated by the fact that the stars are so distant that we cannot 
lay out a base-line on the surface of the earth long enough to enable 
us to measure the distance of even the nearest stars. The stars are so 
far away that even if we view them from opposite sides of the earth, 
there is apparently no difference in the direction in which they appear. 
To overcome this difficulty, the astronomer uses the earth’s path 
around the sun as a base-line. He selects a star which gives some 
indication of being close (perhaps it has a large proper motion) and 
observes very carefully the position it appears to occupy among the 
background of more distant stars. Six months later he observes the 
same star again, and if it is one of the closer stars, its position with 
relation to the distant stars will appear to have shifted, just as a 
finger held in front of one’s face will appear to move from side to 
side if viewed first with one eye and then with the other. The 
astronomer is now in a somewhat similar position to our surveyor. 
His base-line is a line across the earth’s orbit, he knows the two 
angles which his line of sight makes with each end of the base-line, 
and he can calculate the distance to the star provided he knows the 
length of the base-line. 

The sun is much closer than the other stars, therefore it would 
seem that we should be able to measure its distance from a terrestrial 
base-line, but although the sun does shift when viewed from different 
places on the earth’s surface, there are several reasons why it is 
difficult to determine the amount of this shift, or parallax, with any 
great degree of accuracy. 

The first attempt of which we have record was made in the 
third century B.C. by Aristarchus of Samos, who hit upon a very 
ingenious scheme to find the relative distance of the sun and the 
moon. Aristarchus pointed out that at the precise moment when 
the moon was at first quarter a line from sun to moon would make 
a right angle with a line from moon to earth, and he reasoned that 
if, at the exact moment of first quarter, he could measure the angle 
that the earth-moon line formed with the earth-sun line, he would 
then have two angles of a triangle, from which the entire triangle 
could be constructed and the relative lengths of the sides determined. 
He measured the required angle as accurately as he could and found 
it to be 87°, which meant that the sun was about 20 times farther 
from us than the moon. 
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This is far short of the correct figure, but it is not hard to find 
reasons for Aristarchus’ failure. The angle he was trying to measure 
differs only 8’ of arc from a right angle, and was too small for him 
to measure with the crude instruments he had at his command. 
Furthermore, due to the roughness of the moon’s surface, it is 
practically impossible to tell just at what second it is exactly at first 
quarter. While the experiment was a failure it must be regarded as 
a noble one, for it is sound in principle and ingeniously worked out. 

In the second century B.C. another Greek astronomer, Ptolemy, 
was able to measure the distance to the moon with fair accuracy by 
studying the records of partial eclipses of our satellite. The propor- 
tion of the moon which is in the earth’s shadow during a partial 
eclipse varies according to the position of the observer, and by com- 
paring the moon’s aspect as seen from different locations, the distance 
can be obtained. Ptolemy then applied to this distance the figure dis- 
covered by Aristarchus, and stated that the sun’s distance was 
5,000,000 miles. This is far short of the true distance, but the 
reputation of the Greek astronomer was so great that this estimate 
stood unchallenged until the 16th century. 

During the latter part of the 16th century the great Johannes 
Kepler was engaged in his life work of studying the observations of 
Tycho Brahe, and in the course of his studies of the planet Mars he 
found that certain irregularities in the planet’s motions could only 
be explained by placing the sun at a considerably greater distance 
from the earth than the accepted distance, and he estimated that the 
sun must be between 14,000,000 and 28,000,000 miles away to pro- 
duce the observed motions. While this guess falls considerably short 
of the real distance, still it was a great step in the right direction. 

A few years later Kepler was able to make one of the most 
important announcements in the history of astronomy, when he 
enunciated his famous laws of motion. We are concerned mainly 
with the third of these laws, the one which provides that “the squares 
of the periods of revolution of the planets are in the same ratio as 
the cubes of their distances from the sun”. Consider what this dis- 
covery means. With this knowledge, all an astronomer had to do 
was to observe the time taken by a planet in revolving around the 
sun—and this had already been known from antiquity in the case 
of the bright planets—and he could immediately tell the distance of 
the planets from the sun in terms of the earth’s distance. In other 


24 
2 
By 
— 


J. W. Duffie 


words, a complete model of the solar system could now be constructed 
with all the planets at their correct relative distances; hence if the 
distance of any one object in the system could be measured accurately, 
the distances of all the other objects immediately became known. 

The nearer an object is to us, the easier it is to measure, and the 
smaller the margin of error in the measurements. Attention there- 
fore turned to our planetary neighbours, Mars and Venus. The 
period of Mars in its orbit around the sun is such that the earth 
passes between it and the sun about once every two years, and 
these oppositions are naturally the best times to attempt any measure- 
ment. The orbit of Mars, furthermore, is slightly off centre as 
compared with that of the earth, with the result that at some opposi- 
tions the distance separating the planets is much less than at others. 

These close oppositions occur about once every fifteen years. 
One which took place in 1672 was observed by a number of observa- 
tories under the direction of Cassini. The apparent position of Mars 
among the stars was carefully noted from each end of a base-line 
extending from Paris to Cayenne, and when the final calculations 
were made, Cassini announced the sun’s distance as 86,000,000 miles, 
an estimate that stood for nearly 100 years. 

The case of the planet Venus is considerably different from that 
of Mars. The orbit of Venus lies nearer to the sun than the earth’s 
orbit, with the result that the times of closest approach occur when 
Venus is in conjunction with the sun, i.e., when Venus lies directly 
between us and the sun. As a general rule when Venus passes between 
the earth and the sun it is either above or below the solar disc, but on 
rare occasions, four times in every 243 years, at intervals of 8, 105% 
8 and 12114 years, it passes directly across the sun’s face and can be 
seen as a small black disc on the sun. Five of these transits have been 
observed, in December 1639, June 1761, June 1769, December 1874 
and December 1882, and the next will occur in June 2004 and June 
2012. 

In 1679 the British astronomer Halley had suggested a means 
whereby a transit of Venus could be used to ascertain the distance to 
the sun. The method is based on the fact that to observers at different 
locations on the earth, Venus would appear to cross different portions 
of the sun’s disc, the path in one case would therefore be longer than 
in the other, and from the difference in the duration of the transit the 
distance of Venus could be ascertained. Extensive preparations were 
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made by many of the governments of Europe to observe the transits 
which were expected in 1761 and 1769, in one of the first examples 
of international co-operation in astronomy. Astronomers were hope- 
ful these two transits would make it possible to settle, once and for 
all, the important question of the length of the astronomical unit; it 
seemed like the easiest thing in the world to note exactly the moment 
when Venus touched the edge of the sun and when it moved off the 
disc. It was therefore bitterly disappointing when the results of all 
these carefully planned observations proved to be useless, due to a 
number of unforseen circumstances, the most troublesome of which 
was the so-called “black drop” effect. It was found that instead of 
Venus meeting the sun and parting from it with a definite hard edge 
showing, a dark drop seemed to form between the rim of Venus and 
the sun, almost as though the planet were covered with ink which 
clung to it as it approached the sun. Owing largely to this effect, the 
results obtained by the different expeditions were very much at 
variance and the errors were so great that the distance to the sun 
remained as uncertain as ever. A thorough study of all the results 
was made by the astronomer Encke, and he announced in 1822 that 
the sun’s distance was 95,250,000 miles. 

Encke’s estimate was not allowed to stand very long before doubt 
was cast upon its accuracy. Peter Hansen, a Danish astronomer, was 
studying the motions of the moon, and he stated in 1854 that the 
observed motions of our satellite could only be reconciled with theory 
if the sun were considerably nearer than the distance set out by 
Encke. As the moon travels round the earth it is attracted to a greater 
extent by the sun’s gravitational pull while it is on the side of its 
orbit nearer the sun, and to a lesser degree when on the other side, 
resulting in the moon at first quarter being about two minutes behind 
the position it would occupy in the absence of the sun’s pull, and at 
last quarter being about two minutes ahead. The amount by which 
the moon lags or gains depends on the distance of the moon and earth 
from the sun, and provides a means of measuring the sun’s distance. 
The most thorough check made by this method gave a distance of 
92,940,000 miles for the length of the astronomical unit. 

In 1675 the astronomer Roemer noticed something peculiar in 
the behaviour of Jupiter’s satellites. The periods of the moons of 
Jupiter were well known, and given the time of any one eclipse of a 
moon by the planet, it was simple to calculate the times of future 
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eclipses. Roemer found that at certain times of the year the eclipses 
were taking place later than predicted; he was finally able to show 
that this delay was due to the fact that light took a finite time to travel 
through space, and did not arrive instantaneously as had previously 
been thought. If one satellite of Jupiter was seen to disappear behind 
the planet when viewed from a position of the earth’s orbit nearest 
Jupiter, then a subsequent eclipse of the same satellite would be 
delayed if seen six months later because the earth would have travel- 
led to the other side of its orbit, and the light from the satellite 
would have that extra distance to travel. The difference in time 
amounts to about 1612 minutes. 

In 1728 the English astronomer, Bradley, discovered the pheno- 
menon of aberration. The best way to understand aberration is to 
imagine a man standing in the rain, holding an umbrella. If the rain 
is falling vertically and the man is standing still, he would need to 
hold the umbrella directly over his head in order to keep dry. If, 
however, the man were to start running, then he would need to tilt 
the umbrella forward in the direction in which he was moving. Judged 
solely from the position of the umbrella, the rain in the first instance 
would apparently be falling vertically, while in the case of the moving 
man it would appear to be coming from a point in front of him. Light 
from a star behaves in exactly the same way. If the earth were motion- 
less, the light from a star directly at the zenith would pass through a 
telescope placed vertically, but if the earth should be moving, the tele- 
scope would need to be tilted in the direction of its motion to allow the 
light rays to pass through the instrument. The stars above the pole of 
the ecliptic appear to move in very small elliptical orbits during the 
course of a year, while those on the plane of the ecliptic seem to move 
from side to side. If we have the amount of aberration (i.e., the amount 
by which the telescope is tilted) and the speed at which the light is 
travelling, it is possible to calculate the speed of the earth around its 
orbit, and this is found to be about 18.6 miles per second. Multiplying 
this by the number of seconds in a year gives the length of the earth’s 
orbit, and from this the diameter of the orbit is easily found. 

While this method provided a means of checking the results of 
other attempts, it did not result in very great accuracy, partly because 
the angle to be measured is extremely small, and secondly because the 
taking of observations at different periods of the year introduced very 
troublesome seasonal difficulties. However, the limits of the length of 
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the astronomical unit were gradually being narrowed down, and by 
1870 it could be said that the sun was not more than 96,000,000 miles 
and not less than 91,000,000 miles away from the earth. 

Despite the failure of the expeditions of 1761 and 1769, great pre- 
parations were made to observe the transits of Venus which were to 
occur in 1874 and 1882, and astronomers were hopeful that the dif- 
ficulties of the first effort would be overcome by the improvements in 
technique, the development of photography and the experience that 
had been gained. Every effort was made to allow for all possible con- 
tingencies. In spite of everything, however, the results of the expedi- 
tions in 1874 and 1882 were as valueless as those of previous transits. 
The “black drop” again gave trouble, while the photographers en- 
countered even more difficulty with a ring of light which surrounded 
Venus during the entire transit, caused by the atmosphere of the planet 
refracting light from the sun. 

Other methods were not overlooked. Dr. Gill, the British astrono- 
mer, was doubtful of the value of the transit of Venus method, and as 
Mars was due to make one of its close visits in 1887, he organized an 
expedition to go to Ascension Island and attempt to measure the dis- 
tance of the ruddy planet. Dr. Gill’s plan was to observe Mars’ position 
during the early part of the evening, then let the turning of the earth 
carry him a few thousand miles and make another set of observations ; 
the displacement in the positionof Mars against the starry background 
resulting from this rotation would enable him to calculate the distance. 
Although he met many difficulties, the observations were made suc- 
cessfully, and after two years of mathematical work he announced the 
distance of the sun as 92,080,000 miles. Soon after giving out this 
figure, Dr. Gill discovered a systematic error in his observations which 
indicated that the announced distance fell short of the correct distance. 

It began to look as though we would never know exactly how far 
away the sun is, but hope was revived during the 19th century by the 
discovery of a number of asteroids or planetoids, tiny bodies which 
revolve around the sun, for the most part in orbits lying between the 
orbits of Mars and Juipter. Some of these objects have very elongated 
orbits which carry them closer to the earth than any other object with 
the exception of the moon. 

In 1888 and 1889, an intensive study was made by Dr. Gill (who 
had been made Sir David Gill, His Majesty’s Astronomer at the 
Cape) of three of the planetoids, with a view to determining their dis- 
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tance, and the result of this programme was the most accurate deter- 
mination of the sun’s distance that had yet been made, namely 
92,874,000 miles. 

In August 1898 a very important planetoid was discovered and 
christened Eros. This tiny body is only 15 miles in diameter, but 
once every thirty years or so it passes within 15,000,000 miles of the 
earth. Eros was scheduled to make one of its close visits in 1931, and 
the greatest observational programme in history was inaugurated 
under the direction of Sir Herbert Spencer Jones, the Astronomer 
Royal. The entire programme was photographic, the procedure being 
to photograph Eros against the background of stars from as many 
different localities as possible, and from the apparent displacement, 
which could be very accurately measured on the plates, its distance 
could be found. Thirteen observatories co-operated in making a photo- 
graphic atlas of the stars against which Eros would appear, and every 
effort was made to provide for all possible sources of error. 

The actual observation programme was an inspiring example of 
the fine co-operation between nations that we have come to expect in 
astronomy, but which mankind seems unable to apply to its economic 
and social life. Observatories in England, Belgium, Italy, Spain, 
Czechoslovakia, Russia, India, China, Japan, Algeria, South Africa, 
United States, Argentina and Australia participated, with 32 tele- 
scopes being in use at 25 observatories. The tremendous mass of 
observational material resulting from the programme took ten years of 
mathematical study before the Astronomer Royal was able to make 
the result public. The final figure, announced in 1941, was 93,005,000 
miles, with a possible error of 9,000 miles. The amount of error, 9,000 
miles, might seem large by terrestrial standards, but expressed in 
angular measurement is corresponds to the diameter of a human hair 
at a distance of 10 miles. Astronomers will doubtless continue their 
attempts to refine this distance, but we may be sure that for some 
years at least, the length of our Yardstick of the Universe has been 
established. 
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THE PRESENT STATUS OF MICROWAVE ASTRONOMY* 


By E. WILLIAMSON 


1. Historical note. In the winter of 1931 Karl G. Jansky’ of the 
Bell Telephone Laboratories was making studies of the direction of 
arrival of high-frequency atmospheric static with a radio receiver 
tuned to a frequency of 20.5 10° cycles/sec. He discovered a faint 
source of static whose direction slowly changed throughout the day, 
and had approximately the same direction every day at the same 
time. He began an intensive study of this phenomenon, and de- 
termined that the variation of azimuth of the unknown source coin- 
cided with that of the sun. He continued his observations over a 
period of several months, and found that as the sun moved eastward, 
the direction from which the signal was coming remained fixed on 
the celestial sphere.* By an ingenious method he determined its ap- 
proximate right ascension and declination, and showed that they 
coincided roughly with the direction in which astronomers placed 
the centre of our galactic system. His papers contain the first pub- 
lished evidence for the existence of extra-terrestrial radiation at 
radio-frequencies. 

Within the next five years, Friis and Feldman? at the Bell Labora- 
tories, and Potapenko and Folland* at the University of California 
also obtained evidence that sensitive short wave receivers could pick 
up radiation from extra-terrestrial sources. 


Grote Reber,® in 1936, built a special apparatus for the investiga- 
tion of this phenomenon, which he called “cosmic static.” Further 


*This report was prepared in connection with the Microwave Astronomy Pro- 
ject, United States Navy Contract N6onn-264 Task Order 6 with Cornell Uni- 
versity, Ithaca, New York. 
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impetus for work on the problem was provided by World War II 
which focussed attention on all types of interference at microwave 
frequencies. As material on the subject has been released from military 
secrecy, short accounts of a number of investigations have appeared.7 

2. General remarks. Our knowledge of the universe outside the 
earth’s atmosphere is almost entirely derived from the analysis of 
the electromagnetic radiations penetrating to the earth’s surface. 
Until recently, we have had to derive our analyses from such radia- 
tions as were available in the frequencies of the “optical region’, that 
is, light, at frequencies of 10'* cycles/sec. to 10*° cycles/sec. This 
narrow band, on either side of which molecular absorptions in our 
atmosphere render the atmosphere substantially opaque, was the 
only frequency range available to astrophysicists until Jansky’s ob- 
servations dramatically opened up the new “microwave region’’—a 
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Fig. 1.—Scale of electromagnetic radiations. 


whole new section of the electromagnetic spectrum to which the 
earth’s atmosphere is transparent. The electromagnetic radiations 
of this region, the “microwaves”, differ from light only in so far as 
the latter is higher in frequency by a factor of about 10°. The micro- 
wave region is limited on the high frequency side by the absorptions 
of various molecules in the atmosphere, and on the low frequency side 
by the ionosphere, which absorbs or reflects electromagnetic vibra- 
tions of frequencies lower than a certain critical value. Figure 1 in- 
dicates the boundaries of the two regions in which the earth’s at- 
mosphere is transparent. 

As there are refined techniques for the analysis of light from 
extra-terrestrial sources, so there are highly specialized means of 


fAn excellent early summary is that of Reber and Greenstein, Observatory, 
vol. 67, p. 15, 1947. 
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detecting and analyzing the electromagnetic radiations received in 
the microwave region. Although the reader is familiar with the gen- 
eral appearance and the physical principles of the telescope which 
collects optical radiations, and of the spectrograph which analyzes 
them, he may not be so familiar with the equipment which performs 
analogous functions in the microwave region. 

For brevity we shall call this instrument a microwave telescope, 
although it performs to some extent the offices of both telescope and 
spectrograph. The component parts of the microwave telescope are 
essentially the same as those of a radio: an antenna to receive the 
signal, an amplifier to make an electrical copy of the currents im- 
pressed on the antenna, but magnified many times, and some device 
to put the amplified signal in a meaningful form. The antenna may 
be an assembly of conductors of appropriate length, perhaps twelve 
or so in number ; another form may consist of a large parabolic reflec- 
tor made from sheet copper or copper mesh to collect and focus a large 
amount of energy on one antenna-element. In either case there is a 
direction of maximum sensitivity for the antenna, which is known as 
the antenna axis. The variation of the sensitivity as function of ang- 
ular distance from the antenna axis is often referred to as the ac- 
ceptance pattern of the antenna. A mounting must be provided for 
the antenna, so that it can be pointed in various directions; this is. 
likely to be something of an engineering problem, since the antenna 
is often a large piece of equipment. Figure 2 represents the antenna 
of the first specially constructed microwave telescope. Since the extra- 
terrestrial radiations are extremely faint, only the most refined ampli- 
fier systems can render them measurable above the background of 
unavoidable circuit-noise. The output of the amplifier is customarily 
fed into a recording milliammeter. 

There are fundamental differences in the modes of response of 
microwave and optical telescopes to incoming electromagnetic radia- 
tion. The antenna of the microwave telescope must for economic 
and structural reasons be of the same order of size as the wave-length 
of the incoming radiation. It is this which accounts for the fact that 
the microwave telescope has an angular resolving power of the order 
of degrees in most cases, while astronomical techniques available at 
optical frequencies afford resolving powers of the order of tenths of 
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seconds of arc. Only when the instruments are used on what is sub- 
stantially a point source will they give measures which are directly 
comparable. If one scans an extended source whose intensity varies 
with position, the interpretation of measures obtained with the coarser 
resolving power becomes troublesome. 


Fig. 2—The antenna of Reber’s microwave telescope. 


Astronomical observations are customarily made with instruments 
which record radiation of all polarizations indiscriminately; they are 
ordinarily sensitive to a fairly large fraction of the optical frequency 
range, and they make use of receivers, such as the photographic plate, 
which integrate the effects of the radiation over times of the order of 
hours. In contrast with this, the microwave telescope has a definite 
preference for one plane of polarization, it accepts a small frequency 
range, and it has no appreciable time-integrating features. It is worth 
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pointing out that a possible advantage for the future is that radio 
techniques allow the measuring of frequencies to accuracies of per- 
haps 1:10*, as compared with spectroscopic methods which give ac- 
curacies of about 1:10°. 

In both optical and microwave regions, absolute calibration is 
extremely difficult. By spectrophotometry, relative intensities through- 
out the optical region can be readily and fairly reliably determined. 
Since any given microwave receiver is usable over a rather narrow 
frequency range, the most practical way of attaining relative intensity- 
measures in this region is a series of completely independent absolute 
measurements. 

To the present, extra-terrestrial microwave radiation* has been 
detected from four sources: (1) The Milky Way emits radiation in 
frequencies between 20 mc./sec. and 480 mc./sec. (one megacycle 
equals 10° cycles); in each frequency the intensity (with one ex- 
ception) seems to be constant with time, and to be a smooth function 
of direction. (2) The sun has measurable radiation between the 
limits of 20 me./sec. and 30,000 mc./sec. (3) The moon® at full phase 
radiates at 24,000 mc./sec., as though it were at a temperature near 
0°C. (4) The Andromeda nebula’ (the nearest galaxy comparable 
in size with our own) gives faint indications of radiation at 162 mc. 
/sec. Most observers have reported negative results from the planets 
and some of the brighter stars. 

Considering the many significant facts about our universe which 
have been wrung from the small optical region, the new micro- 
wave region is a rich mine of potential information to the astrophys- 
icist who is able to interpret the observations. However, there exists 
an unusual obstacle to the immediate use of this powerful method of 
analysis. The customary training of the astrophysicist is such that, 
while he is quite at home with telescopes and spectrographs which 
analyze electromagnetic radiation at optical frequencies, he has no 


*In this report we shall deal only with that phase of microwave astronomy 
which analyzes incoming radiation of definitely extra-terrestrial origin. Hence, 
we shall not discuss the many interesting problems which may be solved by the 
application of radar-like reflection techniques. One example of this type of ob- 
servation is the determination of meteor statistics by counting the reflections of 
pulses from the ionized trails of the meteors. 
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background in the complex techniques of antenna and _high-fre- 
quency radio-receiver design which are required in the microwave 
region. On the other hand, the radio engineer, well-versed in this side 
of the problem and perhaps possessed of the equipment for taking 
observations, may well find himself at a loss to know best how to use 
it to obtain astrophysical data. Any realistic approach to the field of 
microwave astronomy will require attention to this unusual situation. 


Cosmic NoIse* 


3. Observations of the distribution of cosmic noise. The distri- 
bution of the radiation from the galaxy as a function of direction has 
been the subject of complete investigations (in addition to the explor- 
atory observations referred to in section 1) by Reber*; by Hey, 
Phillips and Parsons®, and by Moxon.’® Table 1 indicates the fre- 
quencies covered by these measures, and other relevant data. 


TABLE I 
Observer | Frequency | Plane of Obs. 
mc./sec. 

Moxon 40 Horizon 
Hey, Phillips and Parsons 65 12° alt. 

Moxon 90 Horizon 

Reber 160 Meridian 

Moxon 200 Horizon 

Reber 480 Meridian 


The antenna of Reber’s microwave telescope consisted of a 31- 
foot copper parabola with a cavity resonator at the focus. The anten- 
na axis could be directed only to points along the meridian. The 
polarization was such that oscillations of the electric vector perpen- 
dicular to the meridian were most sensitively recorded. At 160 
me./sec., Reber estimated a resolving power of 6° in the plane of the 
meridian, 8° perpendicular to it. The results of a year’s work were 


*When the amplified current from the antenna of a microwave telescope 
directed at the Milky Way is fed into a loudspeaker, it gives rise to a steady 
hissing sound; since many of the early observations were made in this way, the 
phenomenon came to be known as “cosmic noise.” 
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summarized in a contour diagram of points of equal microwave 
intensity over the section of the sky available to his apparatus at 
Chicago’s latitude. Figure 3 shows his results, exhibited on a diagram 
in which galactic longitude is the abscissa, latitude the ordinate. For 
comparison, the most visible part of the Milky Way is shown by stip- 
pling; it should be noted that the unstippled parts represent regions 
where galactic starlight is either absent or obscured. There can be no 
doubt of the close physical connection between cosmic noise and the 
structure of the galaxy. This is all the more strongly suggested by 
the position of the maximum obtained by Reber. It is within 5° of 
the direction toward the centre of the galaxy, as determined by a 
variety of astronomical measurements. The other maxima do not 
correspond to any well known features of our galaxy. 

Reber’s measures (to be published soon) of the distribution of 
cosmic noise at 480 me./sec. show similar overall characteristics to 
the distribution at 160 mce./sec., although the distribution is some- 
what narrower. More detail is apparent, the bulge near the galactic 
centre is pronounced, and there are two maxima in the same galactic 
longitude in the Cygnus region. Since much of this detail would 
probably be within the resolving power of his equipment at 160 
me./sec., the evidence is that more detail really exists at the higher 
frequency. 

In the summer of 1945, Hey, Phillips and Parsons in England 
made a survey of the distribution of the cosmic noise at a frequency 
of 65 mce./sec., using a radar-type antenna system. The altitude of 
the antenna axis was fixed at 12°, but its azimuth was variable in 
any direction. The resolving power was approximately 30° horizontal- 
ly by 12° vertically. They make no statement about the plane of 
polarization of their antenna. The result of their observations was 
presented in a diagram exhibiting lines of constant intensity of the 
signal. It shows a concentration to the plane of the galaxy similar 
to, but much less pronounced than, that shown by Reber. The posi- 
tion of the maximum agrees as well as could be expected with that of 
Reber’s measures. The only secondary maximum shown by their 
measures is in about the same position as the strongest secondary 


maximum of Reber’s, and is in the Cygnus region (galactic longitude 
about 45°). 
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A series of measures made by Moxon in England, and published in 
1946, also gives indications of the maximum in Sagittarius, but is 
not conclusive regarding the existence of other maxima. Since his 
results concern three different frequencies, 40, 90, and 200 mc./sec., 
they are of considerable interest. Unfortunately, his antenna arrays 
had rather low resolving power (up to 70° width), so that he gives 
no measures of the width of the observed noise-distribution, merely 
publishing the total signal found at each galactic longitude. 

Moxon also exhibits a similar curve, built up from observations 
by Cummings who made some of them from shipboard in the southern 
hemisphere. His measures are of importance since they indicate the 
existence of only a smoothly varying intensity as a function of gal- 
actic longitude in the regions unobservable from the northern hemis- 
phere, where all other measures of the distribution of cosmic noise 
have been made. 

How can we summarize the state of knowledge about the dis- 
tribution of cosmic noise over the celestial sphere? It seems indis- 
putable (1) that it exists; (2) that it is strongly concentrated to the 
plane of the galaxy; (3) that it has a strong maximum in the direction 
of the centre of the galaxy. It is tempting to speculate that the pattern 
is narrower as we go to higher frequencies, but this should not be re- 
garded as proved. 

A discovery of a fundamental nature was reported in 1946 by the 
English team of Hey, Parsons, and Phillips.** Repeated careful 
observations led them to the conclusion that a region in the constel- 
lation of Cygnus of a diameter less than 2° was radiating at 60 
me./sec. considerably more energy than its surroundings, and that 
the signal varied with time. The magnitude of the variations must 
have been considerable, since even superposed on the emission of the 
background area, the received signal varied by 15 per cent. The 
variations were of an irregular character, and fluctuated one or more 
times per minute. Bolton and Stanley,’* of the Australian group, 
were able to make use of an interferometer technique to measure the 
position of the signal with considerable accuracy. Their antenna was 
located on a bluff some 250 feet high overlooking the sea. As the 
source was rising from a sea-horizon, the antenna received both the 
direct signal and the one reflected from the sea; the resolving power 
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obtained in this was equivalent to that of two antennas placed about 
500 feet apart, acting in a way analogous to the famous Michelson 
interferometer for measuring stellar diameters. Their measures 
showed that the angular diameter of the emitting area must be less 
than &’ of are, and that within that limit, its position was constant 
over a large fraction of a year. The position found by them was a 19% 
58™ 47°, 6 + 41° 47’; this is practically coincident with the position 
ot the maximum in Cygnus found by Reber. The observers further 
report that simultaneous observations on different frequencies show 
no correlations as to the times of maximum intensity. The amplitude 
of the variation is a decreasing function of frequency, being largest 
at the lowest observed frequency of 60 mc./sec., and showing sub- 
stantially no variation.at 200 me./sec. This information is the more 
tantalizing in that, except for the phenomenon of the microwave 
emission, there is nothing to distinguish this portion of the Milky Way 
from any other in the vicinity. There are no bright stars nearby, and 
in fact no stars possessing any unusual characteristics; nor is there 
any known nebula, planetary nebula, or other important astronomical 
object within the limits set by Bolton and Stanley on their position. 

4. The variation of cosmic noise with frequency. Until now we 
have not discussed the absolute magnitudes of the intensities of micro- 
wave radiation found by the different observers. It seems wise to 
separate the discussion of the space distribution of the cosmic noise 
from that of the actual magnitudes derived, since these latter are sub- 
ject to considerably greater uncertainty, as mentioned in section 2. 

The quantity measured by the microwave telescope when pointed 
in a given direction is a power flux. This quantity is actually a mean 
of the specific intensity in the relevant frequency interval, the mean 
being weighted for different directions from the antenna axis accord- 
ing to the acceptance pattern. For a narrow enough pattern, the re- 
sults of a series of measures will ideally be a series of intensities of 
emitted radiation, as a function of direction. Unfortunately no micro- 
wave telescope now in operation achieves this ideal. 

In assessing the accuracy of the published intensities, one must 
bear in mind two distinct factors. In the first place, there seems to be 
no alternative to a carefully and repeatedly calibrated antenna- 
assembly, if results of good accuracy are required. Secondly, we are 
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dealing with an unknown character of intensity-distribution in cos- 
mic noise measures; hence, the wider the acceptance-cone the more 
difficult the task of untangling the intensity-distribution. Even mathe- 
matical analysis of the raw data cannot hope to give results of high 
accuracy, if the antenna pattern covers a noticeable variation of the 
intensity of the source. In general, however, higher accuracy is to be 
expected for regions of maximum intensity in the source-distribution, 
than for regions of low intensity. 

Units of specific intensity are at best unwieldy; the conventional 
unit of astrophysics is ergs per second per square cm. per steradian* 
per unit frequency-interval. For this reason, a more intuitive method 
of representing the results of intensity-measures seems desirable. 
When we consider a given value for the specific intensity at any fre- 
quency, it can be matched (so far as that frequency only is concerned ) 
by the specific intensity from a black-body radiator at a definite 
absolute temperature. If we adopt this value of the temperature as a 
means of expressing the specific intensity, no other units at all are 
required. Use of this parameter does not in any way imply that the 
radiation is in fact caused by material in thermodynamic equilibrium ; 
it is a familiar concept in astrophysics at optical frequencies, and is 
referred to as a monochromatic radiation temperature. Only when the 
radiation temperature for a wide range of frequencies is substan- 
tially constant, can we draw any conclusions concerning thermody- 
namic equilibrium. The relationship between specific intensity and the 
radiation temperature (which is simply the black-body temperature 
to which it corresponds) is given for the frequency-range of interest 
in microwave astronomy by: 

I, = 3.07 x T, 
where J, is in ergs per sec. per cm.’ per steradian per unit fre- 
quency-interval, » is in cycles/sec. and T, in degrees absolute. It 
is to be noted that the radiation temperature is directly proportional 
to the specific intensity, and inversely to the square of the frequency. 

Table 2 gives values of the intensity, in terms of radiation tem- 
peratures, as derived from various observers’ measures, for the 


*The steradian is a measure of solid angle such that the total area of a 
sphere as seen from its centre subtends a solid angle of 47 steradians. 
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direction of maximum intensity in Sagittarius. For comparison, the 
resolving powers are also included. So far as is known, Hey, Phillips 
and Parsons are the only observers who made actual calibrations of 
their antenna. The measures of Moxon were apparently reduced 
assuming the same width for the emitting region of the galaxy as 
that determined by Hey, Phillips and Parsons, and applying it uni- 
formly to all three of his frequencies. Hence, his conclusion that the 
radiation temperature varies as about the inverse cube of the fre- 
quency can hardly be regarded as proved. 


TABLE II 
; Approx. Gal. Centre 
Observer | Frequency | Resolving Power; Rad. Temp. 
me./sec. | degrees . | 
Moxon 40 35x70 30,000 
Hey, Phillips and Parsons 65 12x 30 10,500 
Moxon 90 | 35x35 3,000 
Reber 160 | 6x 8 5,300 
Moxon 200 -- 300 
Reber | 480 ez 3 | 230 


Reber? and Southworth’*® report negative results for higher fre- 
quencies ; Reber worked at 3,300 and 900 mc./sec., and Southworth at 
three frequencies between 3,000 and 30,000 mc./sec. Since the sensi- 
tivities were rather lower, it is only safe to say that in these regions, 
the radiation temperature is probably considerably less than 20,000°K. 

A critical estimate of the situation seems to be that the most 
accurate measures are those of Hey, Phillips and Parsons, and of 
Reber. The one had a fairly coarse resolving power; the other had 
not calibrated his antenna-system. Should one interpret the dif- 
ferences in intensities as real, or not? All that we can safely say at 
this time is that the best measures indicate radiation temperatures 
which are of the same order of magnitude as the temperature of 


electrons in interstellar space, as obtained from quite independent 
astronomical calculations. 
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OBSERVATIONS ON THE SUN 


Jansky’s early researches which revealed the existence of cos- 
mic noise failed to show any signal from the sun. Judging from the 
acceptance pattern of his antenna, and the rather weak signals he 
obtained from the Milky Way, this is quite understandable. Almost 
fifteen years later, in 1944, Reber* first announced the reception of 
noise from the sun, at a frequency of 160 me./sec. His announcement 
was followed by Southworth’s’* publication of investigations at three 
frequencies between 3,000 and 30,000 mc./sec., which also indicated 
the presence of electromagnetic radiations from the sun in measur- 
able quantities. There followed the publication of other observations, 
many of which had been made incidental to routine radar searches, 
and others with equipment adapted for the purpose. 

5. The general picture of solar noise*—the “quiet sun”. Broadly 
speaking, the totality of observations published indicates the following 
picture: at frequencies from 30,000 mc./sec. to about 500 mc./sec., 
there is evidence that the emitting area associated with the sun is 
the same size as the optical disk, with an accuracy of perhaps 5-20 
per cent. At lower frequencies, resolving-power difficulties allow us 
only to be sure that the disk is less than several degrees across. If 
we identify the size of the solar radiating area with the visible solar 
disk, bearing in mind at all times the purely formal nature of this 
assumption, we may represent any observation of flux received from 
the sun in terms of the temperature of the black body subtending the 
same solid angle as the sun (a circle approximately 32’ in diameter ; 
this is 6.0 & 10~-° steradians) and emitting the same flux. It is worth 
remembering that since the sun is substantially a point source for all 
the antenna patterns with which measures of absolute power have 
been made, many of the difficulties connected with reduction of the 
cosmic noise measures are obviated, and more confidence can be 
placed in the solar measures. 


*The first ideas of the general picture of microwave radiation from the 
sun seem to have been given by E. G. Bowen in an address at the R.C.A. Labora- 
tory, Princeton, New Jersey, in 1946; the terms “quiet sun” and “disturbed 
sun” were first used by D. F. Martyn, of the Commonwealth Observatory, Can- 
berra, Australia. 
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The solid curve in figure 4+ represents schematically the trend of 
the flux measures of a number of different observers at different 
frequencies : Reber®"*, Pawsey, Payne-Scott, and McCready’, groups 
reported on by \ppleton and Hey**, Sander'’, Dicke and Beringer’, 
and Covington"*. It seems well established that at any frequency there 
is a certain minimum value for the radiation temperature below 
which it never falls. This minimum temperature as a function of 
frequency represents the spectrum of the quiet sun. At high fre- 
quencies, greater than perhaps 600 mc./sec., radiation temperatures 
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Fig. 4—Flux measures for quiet and disturbed sun. 


no greater than about three times the effective temperature of the 
sun are observed. The effective temperature is defined as the temper- 
ature of a black body the same size as the sun which would emit the 
same total energy in all frequencies as the sun; since the significant 
proportion of this is in the astronomical region of the spectrum, this 
quantity has been fairly well established at 5713°K. At lower fre- 
quencies, perhaps below 300 mc./sec., it is not possible to assign 
a single value to the radiation temperature at any one frequency, for 
it may vary by many factors of ten from day to day, and sometimes 
even in the course of a few seconds, although it never goes below 
the minimum value previously mentioned (Pawsey’® showed this 
conclusively at a frequency of 200 mc./sec.; the data of the other 
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observers substantiate it). Within the possible errors of observation 
the minimum value of the radiation temperature is the same for all 
of the lower frequencies. Its value is conveniently taken to be 10° °K; 
this figure may require subsequent revision by 10-20 per cent. 

6. The disturbed sun. We next must form a clear picture of the na- 
ture of the fluctuations of the solar emission in the microwave region. 
It is well established that in the regions where the radiation tempera- 
ture is of the order of the effective temperature of the sun variations 
are small, being of the order of a few per cent. at most. In the low fre- 
quency regions where the radiation temperature is very high, its 
time-variation is most marked. The dotted line in figure 4 is meant 
to give an indication of the envelope of these irregularities. 

Although the exact value of the radiation temperature is a wildly 
fluctuating function of time, there is evidence that its average value 
over a period of several hours has definite physical significance. 
Pawsey, Payne-Scott, and McCready,’® working at 200 mc./sec. 
first demonstrated the close correlation of the daily mean value of 
the radiation temperature with the fraction of the solar disk covered 
by sun-spots. Indications of a similar state of affairs at other wave- 
lengths above the critical one at about one metre are given by the 
observations of Ryle and Vonberg.*° 

They made observations of daily means of the solar radiation 
over a period of several months in two different frequencies, 175 
me./sec. and 80 mc./sec. The daily means varied in an irregular 
way over factors of about one hundred, and showed small but recog- 
nizable tendencies to give repeated maxima at intervals of 28 days, 
the approximate rotation period of the sun. Since they did not cor- 
relate their findings with actual sun-spot areas, the conclusions are 
not as decisive in this respect as those of Pawsey, Payne-Scott and 
McCready. They also exhibit the ratio of the mean radiation tempera- 
tures at the two frequencies, for successive days. This quantity shows 
considerably less total variation than either temperature separately, 
but successive occurrences of maxima of the ratio T,,/T,,,; (in mag- 
nitude approximately 15-20 as opposed to a fairly steady minimum 
value of 2-3) reappeared in several cases at intervals of approxi- 
mately the solar rotation period. Five different reappearances were 
noted in at least two cases. It is tempting to speculate that the signifi- 
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cance of this finding is that some areas of the sun emit with quite 
a different frequency distribution, than the general background. 

The electromagnetic radiation of unusual violence emitted from the 
sun at times when sun-spots are present on the disk differs in one 
important manner (besides magnitude) from that of the quiet sun. 
There is no evidence that the million degree quiet sun radiation ex- 
hibits anything but random polarization, but that which comes from 
the disturbed sun is circularly polarized, as Martyn** (200 mc./sec. ) 
Appleton and Hey*' (85 mc./sec.), Ryle and Vonberg™ (175 mc. 
/sec.) have all shown. Moreover, as a prominent spot-group crosses 
the central meridian of the sun’s disk, the sense of polarization 
changes (however, attention should be called to polarization measures 
on bursts; see section 7). 

There is thus a considerable body of evidence to support the idea 
that superposed on the radiation from the quiet sun, considerably 
larger amounts of energy in the microwave region are emitted in an 
irregular way, but definitely connected with the presence of sun-spots 
on the sun’s disk. Moreover, Ryle and Vonberg,” by an interfero- 
meter technique, showed that the disturbed radiation comes from an 
area much smaller than the solar disk; their measures, made at 
175 me./sec., gave it a maximum diameter of 10’ of arc. Of course, 
this maximum is considerably larger than the spot-group itself, but 
the results are suggestive. Much more definite are the results of 
Covington’s'* observations at 2800 mc./sec. of the partial solar 
eclipse of November 23, 1946. He detected a distinct decrease of in- 
tensity as the limb of the moon covered up a large sun-spot, and a 
corresponding increase as the disk of the moon moved off the sun- 
spot area some minutes later. To be sure, the effect at this frequency 
was only a few per cent. of the total solar emission, but it gives one 
more definite indication of the association of sun-spots with emission 
in excess of that from the undisturbed regions of the sun. A con- 
siderably smaller spot near one limb of the sun showed no such 
effect. 

Incidentally, observations such as Ryle and Vonberg’s and 
Covington’s, giving accurate indications of the continuity of the 
lirection of the source, seem to furnish a conclusive proof that the 
adiation we observe at the earth’s surface originates on the solar 
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disk itself, and is not some sort of emission process within the earth’s 
atmosphere, merely triggered off by some obscure solar effects, them- 
selves unobservable. 

7. Solar bursts. What is a typical pattern of variations of the dis- 
turbed sun, on a day when there is a considerable area of the surface 
of the sun covered with sun-spots? Sample records given by Appleton 
and Hey’® show that at a frequency of 64 mc./sec., bursts of energy 
exceeding the current background level by factors of five to one 
hundred may occur several times in an hour and last from seconds 
to minutes. A fairly well substantiated rule seems to be that small 
bursts last shorter times, and larger bursts (factors of 10° or so above 
quiet-sun level) last longer, a typical duration being perhaps one 
hour. Observations at various wave-lengths reported by Ryle and 
Vonberg,”® Williams and Hands,” Payne-Scott, Yabsley and Bolton," 
and Lovell and Banwell*® tend to support this idea, although Lovell 
and Banwell announced at 72 mc./sec. the appearance of a number of 
bursts of the highest intensity lasting for only a few seconds. 

When bursts of maximum power, corresponding to radiation 
temperatures for the sun’s disk of the order of 10°° K, are observed, 
other optical and electromagnetic phenomena are often correlated 
with them. These are radio fade-outs in the short wave region, mag- 
netic storms on the earth’s surface, and often the occurrence of marked 
eruptions (flares) on the solar surface. It seems well substantiated 
that within the minute of occurrence of a solar flare, a radio fade- 
out, a variation of the earth’s magnetic field, and a violent enhance- 
ment of solar noise will often occur. 

When considering the high levels of power emission during solar 
bursts, distributed over a wide range of wave-lengths, we should have, 
for orientation, some idea of the total power emitted in a burst of 
maximum intensity, as compared with the sun’s total radiation in all 
regions of the spectrum. A simple calculation assures us that the very 
largest bursts in the microwave region do not amount to one part in 
10° of the radiation from the sun, on a power basis. 

There is good indication that the violent bursts arrive approx- 
imately simultaneously in all the wave-lengths concerned; Appleton 
and Hey"® have collected data to this effect, and other researchers 
have arrived at the same conclusion. Payne-Scott, Yabsley, and 
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Bolton?’ have found that the strongest bursts occur at all frequencies, 
but that there are time lags of the order of 4 minutes between the 
time of arrival of a violent burst at 200 mc./sec., and at 60 mc./sec. 
Bursts of intermediate size also tend to occur on these frequencies 
with time lags of the same sense, but much smaller, being of the order 
of seconds. Ryle and Vonberg*® have noticed the practically simul- 
taneous arrival of medium sized bursts on frequencies of 175 mc./sec. 
and 80 mc./sec. In a general way, these bursts give maximum radia- 
tion temperatures of the order of 10°°K. Such bursts were found not 
to be polarized at 60 and 100 mc./sec., by Payne-Scott, Yabsley, and 
Bolton. For small enhancements, which make up the second-to-second 
structure of the disturbed sun radiation, no correlation was found 
by either of the groups working simultaneously on more than one 
frequency. 

8. Summary of solar observations. We are now in a position to 
make a tentative summary of the solar observations. However, while 
such a summary may be temporarily useful as a guide, one should not 
expect too much of it. When we remember that observations with 
calibrated, specially built equipment are very rare, that the published 
researches give only a hint of the total phenomena involved, and 
that the length of time over which observations have been made at 
all is only a small fraction of a whole sun-spot cycle, we see the sum- 
mary in its proper context. 

(1) At all frequencies within the microwave region, there is a 
certain minimum radiation, characterized by a radiation temperature 
of roughly 10*° K at higher frequencies, and 10°°K at lower fre- 
quencies, the transition region corresponding to a frequency of 
roughly 600 mc./sec. This spectrum of the quiet sun is presumably 
what one would observe fairly regularly at times of sun-spot min- 
imum. 

(2) The lower frequency region may emit much more strongly 
when sun-spots are evident, the average radiation reaching values of 
ten to one hundred times the quiet sun values. This radiation is un- 
steady in character, seems to originate from areas closely associated 
with the spots themselves, and is often circularly polarized, the sense 
depending on the position of the sun-spot on the solar disk. This 
constitutes the phenomenon of the disturbed sun. The frequency de- 
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pendence of the radiation from the disturbed regions seems to be 
different from that of the quiet regions. 

(3) The smaller bursts occur independently in the different fre- 
quencies, but some of the larger ones are almost synchronous. Con- 
nected with short-lived but violent prominent activity on the sun 
(solar flares) are outbursts of the most extreme violence, correspond- 
ing to radiation temperatures (on the assumption of uniform dis- 
tribution of the source over the solar disk) upwards of 10°°K, in 
regions of the lower frequencies. Neither the disturbed sun nor the 


bursts are significant features in the range of frequencies from 3000 
to 30,000 mc./sec. 


THEORETICAL RESEARCHES 


Any definitive theoretical discussions of either cosmic noise or 
the radiation from the sun will require careful determinations of 
(1) relative intensities as a function of position, (2) relative intensi- 
ties as a function of frequency, and (3) absolute values to calibrate 
the relative measures. The present status is that (1) is unattained, 
because of resolving power difficulties, (2) is obtainable under the 
special conditions of microwave instruments only by repeated de- 
termination as in (3). And only one team of observers, Dicke and 
Beringer, have given published evidence of taking the steps ne- 
cessary to give reliable absolute measures. As a matter of fact, there 
are at least two cases in the literature in which an observer has re- 
vised his first estimates of the absolute values of his measures by a 
factor of about three. In this state of affairs, we shall not be surprised 
to find only suggestions of theoretical interpretations, and this is in 
fact the case. 

9. Cosmic noise. Although the monochromatic radiation temper- 
ature, Tis a convenient unit for describing the results of observa- 
tions, one must not be misled into the belief that the source of the 
electromagnetic vibrations received in the microwave region is ne- 
cessarily thermal. Whatever the physical mechanisms may be which 
are responsible for the phenomenon of cosmic noise, the researches 
published to date serve merely to give general orientation. 

Soon after Jansky announced the existence of cosmic noise, and 
placed the direction of the maximum intensity in Sagittarius, in vir- 
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tual coincidence with the centre of the galaxy, Whipple and Green- 
stein*’ explored the following possibility for its origin. Interstellar 
space is pervaded with small solid particles, commonly referred to 
as dust. The dust absorbs to some extent light from surrounding 
stars. It is easy to see, qualitatively, that the dust will absorb more 
energy in the regions where more stars exist, toward the galactic 
centre, and that the temperature of any dust-grain will be a result of 
the equilibrium between the energy which it absorbs, and that which 
it emits. The calculations of Whipple and Greenstein undertook to 
determine this balance, assuming reasonable values for the absorption 
coefficient of the dust particles for optical wave-lengths, where the 
maximum energy of the interstellar radiation field occurs, and for 
the manner in which the, particles might emit radiation; they came 
to the conclusion that this mechanism of thermal emission from the 
interstellar dust was insufficient to account for the intensity observed 
by Jansky, by a factor of about 10*. It seems reasonable to believe 
that this should not be taken as the final word about the amount of 
emission from dust in interstellar space. Measures are now available 
at many more wave-lengths, and of considerably greater accuracy 
than Jansky’s equipment allowed. Moreover, our information about 
conditions in interstellar space has increased greatly in the last ten 
years. 

Reber,’ and later Henyey and Keenan,” and Townes,” thought 
that cosmic static might be a result of the so-called free-free transi- 
tions of electrons in the presence of protons. Colour is lent to this 
suggestion by the fact that astronomical research shows that the most 
important constituent of interstellar space is hydrogen, and in many 
regions, especially near very hot stars, this hydrogen is ionized into 
electrons and protons. In these regions, the frequent encounters of 
electrons with protons give rise to electronic acceleration, and hence 
to radiation. Computations on the basis of well known formulas for 
the emission to be expected from this process all indicate that this is 
a possible mechanism, but lack of knowledge of the frequency-de- 
pendence of the cosmic noise on the one hand, and on the other hand, 
of tthe volumes of space occupied by ionized hydrogen, preclude any 
iron-clad conclusions. However, it is suggestive that the kinetic en- 
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ergies of electrons in interstellar space correspond roughly with the 
radiation temperatures found in the microwave region. 

Shklovsky*' calls attention to the possibility that a free electron 
might be regarded as a simple harmonic oscillator with vanishing 
binding energy, and so an assembly of free electrons would have an 
absorption coefficient given by the classical formula with the reson- 
ant frequency set equal to zero. The damping constant, which controls 
the width of the “line”, would be determined on his theory by col- 
lisions. Except for this assumption, he is dealing with the well known 
process of Thomson scattering by free electrons. He is able to reach no 
definite conclusions, since the optical depth of the galaxy on the basis 
of his formula is so great that the intensity should show no ap- 
preciable variation with galactic longitude. 

Pawsey, Payne-Scott and McCready,’* and others have advanced 
the idea that perhaps cosmic noise, concentrated as it is to the plane 
of the galaxy, is simply the superposition of contributions of the 
emission of radio-frequency energy from the large numbers of stars. 
Attractive as it is, this hypothesis meets with an insuperable difficulty. 
Assuming that all the stars in the galaxy were radiating at a rate 
equal to that of the sun when a violent outburst occurs, they would 
fail to produce the observed intensity of galactic radiation by a factor 
of the order of thousands. This argument is due to Greenstein, Hen- 
yey and Keenan.*° 

It is perhaps worth while to call attention to the extreme com- 
plexity of the problem of interpreting cosmic noise, This complexity 
is connected with the peculiar conditions of interstellar space, where 
the density of matter is very small (close approaches of charged 
particles occur at intervals to be measured in seconds), the density of 
radiation, which is governed by the radiation from the stars, is small, 
although its frequency-dependence is that of a very hot source. These 
complications, added to probable variations of density of interstellar 
material, of even its chemical composition, mean that the task of un- 
ravelling the causes of microwave radiation from the galaxy will be 
a complex one. However, it will be extremely rewarding, in that it 
will shed entirely new light on the conditions of interstellar matter in 
our galaxy. 
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10. Solar noise. It is possible to make considerable headway with 
the interpretation of the phenomena of solar noise, at least with regard 
to the quiet sun. The general features are intuitively obvious on the 
basis of recent astrophysical knowledge concerning the constitution 
of the outer layers of the sun. At the limb of the sun (the photosphere ) 
the density of matter suffers a sudden and very great decrease. In a 
few kilometres, the density drops by a number of factors of ten. 
Nevertheless, there exists sufficient material in the reversing layer, the 
chromosphere, and even the very tenuous corona, to alter in a marked 
way some characteristics of the sun’s radiation. We have evidence 
that the distribution of velocities of the electrons in the solar corona 
is similar to that in a thermodynamic enclosure at temperatures of 
the order of half a million degrees. It is tempting, then, in making a 
first attempt at a theory of the sun’s microwave radiation, to imagine 
that the opacity of the solar corona is smaller at higher frequencies, 
so that one sees down to the cooler layers of the photosphere in the 
decimetre end of the spectrum while for the lower frequencies, the 
capacity of the material is greater, and the emission is from the high 
temperature region. In general support of such a picture, we may 
bear in mind that opacity due to free-free transitions, the opacity 
mechanism cited by Shklovsky, and the opacity as computed on the 
basis of Appleton’s theory of the ionosphere all give a frequency- 
dependence qualitatively in agreement with this idea. 

Both Sander’s and Covington’s observations of solar eclipses 
afford some confirmation of this general idea.* For, in the region of 
frequencies near the shoulder of the sun’s microwave spectrum (see 
figure 4), the corona seen edge on should contribute appreciably to 
the total radiation from the sun, as an emitting rim around the disk. 
Evidence of such was obtained by both Sander, 3.2 cm., and Coving- 
ton, 10 cm. Martyn** has announced that he has developed mathe- 
matically ideas similar to this, showing some results which illustrate 
this effect. 

In seeking to determine the cause of the disturbed sun and of 
bursts, one is forced to reject the possibility of purely thermal pro- 
cesses, since the actual temperatures required to produce the ob- 


*The possibility that the accuracy of eclipse measures might be affected by 
diffraction at the moon’s edge should not be lost sight of. 
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served fluxes from the sun are impossibly high on the basis of energy 
considerations alone. The proposed explanations for these phen- 
omena are based on two quite different ideas: (1) Electrons passing 
through the strong magnetic fields associated with sun-spots move 
in circular paths, and so emit circularly polarized radiation when 
viewed along the direction of the field (Kiepenheuer**). (2) Streams 
of particles associated with prominences (Martyn** and Shklovsky*’) 
set the coronal medium into vibration at a frequency determined by 
the electron density. Transmission of the electromagnetic waves set 
up by these vibrations through the corona, which is highly ionized 
and in the presence of a magnetic field, perhaps that of a near-by sun- 
spot, decomposes it into two components (Martyn** and Saha**), 
one of which, circularly polarized, is readily transmitted by the 
corona. It should be noted that the theories have in no case been 
worked out in great detail; they should be regarded as merely in- 
dicative, rather than conclusive. In tthe present elementary state of 
the observations, this is perhaps all that is required. 


David Dunlap Observatory, 
Richmond Hill, Ontario. 
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ERECTING SOLAR DIAGONALS 
By F. K. DaALton 


OLLOWING the completion of the erecting star diagonals, 

described in the July-August, 1947, issue of the JouRNAL, the 
writer has continued his experimental work to develop erecting 
diagonals for observing the sun and solar eclipses, which would have 
the same advantages in giving erect images, properly orientated, 
while retaining the convenience of the diagonal in viewing these 
objects when they are high in the sky. The problems, however, are 
quite different for the two types of diagonals. Whereas, in star 
diagonals, it is important that the rays of light enter and leave the 
prisms perpendicular to their first and last surfaces, respectively, and 
that they meet the reflecting surfaces internally at angles of incidence 
greater than 42 degrees, the critical angle of reflection, the solar 
diagonals do not include those requirements but involve a most inter- 
esting study in polarization of light by external reflection from the 
surfaces of transparent bodies. 

One very important feature in telescopes for observing celestial 
bodies, other than our sun, is that they supply to the eyepiece as much 
light as possible so star diagonals take advantage of the total internal 
reflection of glass prisms. In viewing the sun, however, the reverse is 
essential, namely, that the sunlight be reduced to so low a value that 
the eye can not suffer permanent injury, nor even the discomfort of 
eye strain due to excessive brilliance. The necessary reduction of light 
may be obtained by various means or combinations of devices. 

For directly viewing the sun through a telescope with an objective 
lens of three inches diameter, or less, a thin dark shade glass can give 
sufficient protection to the eye, but above this size of aperture pro- 
tection should not depend entirely upon the shade glass for it may 
crack with the heat and cost the observer permanent blindness in at 
least a small area of the retina. There are other devices which are 
safe to use for direct solar observation through the larger telescopes 
but if the sun be at a high altitude, these all require the observer to 
be in a cramped or otherwise uncomfortable position when placing 
his eye at the eyepiece. 
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Sir John Herschel devised a very satisfactory protective solar 
diagonal which is similar in appearance to an ordinary star diagonal 
but in which the right angle prism is replaced by one of small angle, 
ten degrees or less, and reflection takes place from the front or upper 
face which is accurately cut to flatness and placed at an angle of forty- 
five degrees to the optical axis of the telescope. Only five per cent. of 
the sunlight is reflected to the eyepiece, nearly all of the light passing 
through the glass and on to the end of the mounting tube where the 


Fig. 1.—Erecting solar diagonals. 


(a) The 90-degree diagonal, showing 
position of prisms in the mount, 
and the method of ventilating pro- 
vided in the cover. 


(b) The 120-degree diagonal, showing 
modification in shape and similar 
method of ventilation. 


For either diagonal, light filters are 
placed on the eyepiece, as shown, or 
may be inside the tube which receives 
the eyepiece. 


heat it creates may be freely radiated. The small part which passes 
through the eyepiece is still too much for the eye so a shade glass 
must also be used. The reflecting element is in the form of a prism, 
rather than a block of glass with parallel faces, so that secondary 
reflections will be diverted and will not enter the eyepiece to produce 
ghost images. 

This device, however, is a plane diagonal. The image seen is erect 
on one axis, i.e. the vertical, but reversed on the other axis, i.e. the 
horizontal. Thus, in a solar eclipse, the moon would appear to cross 
the sun from left to right, rather than in the correct direction, from 
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right to left, and the rotation of the sun, as noted from successive 
observations, would appear to be reversed. The apparent shapes of 
sun-spots, too, are different due to this reversal. 

With a view to developing a solar diagonal which would properly 
orientate the image, the writer has combined the necessary conditions 
of the erecting star diagonal with the protective light-reducing features 
of the Herschel solar diagonal to produce a new device, the erecting 
solar diagonal, shown in figure 1. The reflecting element, figure 2, 


2 4/2 = 


a b 
Fig. 2.—The reflecting element consisting of two roof prisms cemented together 
to form a “V” groove for double external reflection. 
(a) Showing vertical inversion of rays in 90-degree diagonal. 
(b) The “V” groove, and lateral inversion of rays. 


consists of two roof prisms, of transparent glass, cemented together 
to produce a “V” groove for double external reflection, the two faces 
being accurately set at ninety degrees to each other. This element is 
so placed in the mount that the desired angle of deviation of the light 
beam is obtained. 

Whereas, for total internal reflection in a star diagonal, the prism 
must be mounted so that the angle of deviation will be exactly the 
same as the apex angle of the prism, in solar diagonals any one 
reflecting element may be used for any angle of deviation from 0 to 
180 degrees, its efficiency in reducing the light varying according 
to the angle of deviation chosen. These transparent prisms by-pass 
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nearly all of the light, as in the Herschel solar diagonal, thus pro- 
viding an excellent protective feature in this regard. 

Each ray of light is reflected twice. After the first reflection, 
from either face, the ray crosses the groove and is reflected again 
from the second face, completing the deviation. Some rays cross the 
‘groove from left to right while others cross from right to left. For 
any given angle of deviation of the light beam and for rays parallel 
with the optical axis of the telescope——and all rays considered are 
practically parallel—the angle of incidence of the ray is the same 
at each face. The angle of reflection from each surface is, of course, 
equal to the angle of incidence at that surface, according to the 
simple law of reflection of light. After the second reflection, the 
rays enter the eyepiece. 

The erecting solar diagonal is much more effective in reducing 
sunlight than the Herschel type of solar diagonal. The 90-degree 
Herschel diagonal reflects to the eyepiece 0.05, or five per cent. of the 
sunlight whereas the erecting solar diagonal with the same angle of 
deviation reflects only 0.00206, or about one five hundredth part of 
the sunlight. Similarly, the 120-degree diagonal of the Herschel type 
reflects 0.0415 of the sunlight but the erecting solar diagonal reflects 
only 0.00289. The striking differences in reflection factors are due 
to two reflections, the polarization of light in each and an effective 
optical rotation of the second reflecting surface in relation to the 
first. These great reductions, however, are not sufficient to elimin- 
ate the necessity of a shade glass in viewing the sun but this filter 
need not be as dark as the usual shade glass. 

The writer has constructed two erecting solar diagonals, shown 
in figure 1, with 90-degree and 120-degree angles of deviation, re- 
spectively. The 90-degree diagonal gives practically the maximum 
light reduction possible with this type of reflecting element, and is 
easy to construct with its simple cubical -form. The 120-degree 
diagonal gives about forty per cent. more light than the 90-degree 
diagonal and therefore requires a shade glass which is forty per cent. 
darker. The greater angle of deviation is somewhat more convenient 
when viewing objects near the zenith. 

For a shade glass, crossed polaroid glasses can be adjusted satis- 
factorily to give the desired reduction of light intensity, namely, 
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with only four or five per cent. of the density of the filters used with 
the Herschel solar diagonals. Two cautions, however, must be 
observed when polarized shade glasses are used. Firstly, the glasses 
must be so mounted and clamped that neither can rotate accidentally 
in relation to the other, or the intensity of light may suddenly in- 
crease, to the injury of the observer’s eye. Also, particles of lint, or 
other fibrous dust between the polaroids may nullify, in small areas, 
the light-reducing properties of the combination and allow points of 
bright illumination on the retina of the eye, which, at least, would 
interfere with the observations. These risks may be obviated by 
placing the polarizing filter in front of the eyepiece, a feature which 
the writer has included in his designs of erecting solar diagonals. 
An unpolarized filter may, of course, be used safely on either side 
of the eyepiece, 

In using Amici roof prisms, with several faces, for the reflecting 
element, care must be taken to suppress interference due to undesired 
secondary reflections from these faces. Any barriers should be placed 
between the prisms and the eyepiece where they will not heat as much 
as if they were in front of the prisms where they would receive the 
full heat from the sun’s focussed rays. 

The length of the optical path required for the erecting solar 
diagonal will be longer than for the Herschel type so there is the 
same advantage as with erecting star diagonals in using positive 
eyepieces, rather than the negative type, to extend the focussing range 
of the telescope. As the erecting solar diagonals cause so great a 
reduction of the sunlight, the use of cemented lenses in the eyepieces 
should be quite satisfactory. 

The mountings and covers for the erecting solar diagonals, shown 
in figure 1, have been designed to protect the observer’s face, hands 
and clothing from the concentrated beams of light and heat which 
pass through the prisms, and also to give necessary ventilation by 
means of openings and louvres without allowing stray light, which 
may enter the mounting directly, to interfere with the image in the 
eyepiece. The metal of the mounting and cover is thicker than 
would be expected so as to conduct heat readily away from spots 
where it is concentrated. 
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The erecting solar diagonals, as shown and described here, give 
fully erect and properly orientated images combined with the con- 
venience of the diagonal. The rotation of the sun on its axis, and 
the passage of the moon across it during a solar eclipse are both 
given their correct respective directions, and sun-spots have their 
proper shape, not reversed horizontally as with the Herschel solar 
diagonal. 
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Fig. 3—The relations of important angles and reflection factors. a, Overall angle 
of deviation of the light beam; B, Angie of incidence at the reflecting sur- 
faces; 9, Effective angle of optical rotation of second reflecting surface in 
relation to the first surface; A, Reflection factor at the first surface for rays 
polarized in the plane of incidence and reflection; B, Reflection factor at the 
first surface for rays polarized in a plane perpendicular to the plane of inci- 
dence and reflection. 


While, from the foregoing explanation, the behavior of light in 
the erecting solar diagonal may seem quite simple, it is, in reality, 
much more complex and as some readers may prefer a more technical 
explanation, the following information would then be of interest. 

When light is reflected from the flat surface of a transparent body, 
the reflected rays are found to be vibrating in only two directions, 
at right angles to each other. They are said to be polarized—(A) in 
the plane of incidence, a plane containing the ray both before and 
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after reflection, and (B) in a plane containing the ray but perpen- 
dicular to the plane of incidence. The reflection is only partial in 
either case, the reflection factors depending upon the angle of 
incidence of the light, which is related to the angle of deviation, a, 
and also being different for the two components, as shown in the 
graphs, A and B, figure 3. The angle of incidence of the ray, at both 
surfaces, is shown by the graph, £. 
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Fig. 4.—The overall reflection factor, showing the wide range in amount of 
reflected light for angles of deviation below 70 degees, and the very small pro- 
portion of light which reaches the eyepiece for higher angles of deviation. The 
points for 90 and 120-degree diagonals are indicated. 


As the ray passes from the first surface to the second, the second 
surface is in effect, rotated in relation to the first surface, through 
an angle, @, less than 90 degrees, which also is related to the angle 
of deviation, figure 3. The phenomenon therefore is complicated in 
that the components from the first reflection must be analysed, re- 
solved into new components, A’ and B’, that are polarized in new 
planes related to the second surfaces, and then treated according to 
the reflection factors, A and B, for the respective new components. 

The final reflected light then will be polarized. There will be two 
A’ components and two B’ components, one of each for the rays 
which cross the groove from left to right and one of each for rays 
which cross in the opposite direction. For the 90-degree diagonal and 
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for higher angles of deviation, A’ components will be much larger 
than B’ components, in fact so large that the B’ components become 
practically negligible. 

The effect of polarization is that the 90- and 120-degree erecting 
solar diagonals are much more effective in reducing the sunlight than 
could otherwise be expected by double reflection for the same average 
reflection at each surface. Whereas the 90-degree diagonal reflects 
to the eyepiece about 0.002 of the sunlight, without polarization the 
reflection would be 0.008. Similarly, while the 120-degree diagonal 
reflects 0.00289 of the sunlight, if there were not polarization and 
effective optical rotation of the second surface the value would be 
0.00397. 

The lowest overall reflection factor for this type of erecting solar 
diagonal, as calculated, is 0.0019, which occurs at an angle of 
deviation of approximately 96 degrees. This angle appears to be the 
same as the critical angle of deviation of an isosceles triangular prism 
when used as a star diagonal, above which angle the prism ceases to 
give total internal reflection. This relation, however, may not just 
be a coincidence ; there probably is a definite connection between these 
phenomena which results in this agreement. 

The formulae for the relations between important angles and re- 
flection factors are as follows: 


Overall angle of deviation of light beam =a = 


Angle of incidence, tan B = 2 3+ 1 


Optical angle of rotation of 
second reflecting surface, @: 2 2 


Overall reflection factors: 
(A-B)? cos? 


Total = — + AB 
A®-AB AB 
Each A’ component = \ ) = = 
(B?-AB 20 + AB 
Each B’ component = = + 


A and B= reflection factors of polarized components at first reflection, 

A’ and B’ = overall reflection factors of polarized components (A and 
A’ are polarized in planes of reflection; B and B’ are polarized in planes 
perpendicular to planes of reflection). 
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There is one pair of A’ and B’ components from each side of the 
“\V" groove. The angle between the A’ components of each pair, 
at the eyepiece, will be 6, and that between the B’ components will 
be the same. For angles of deviation above 90 degrees, the B’ 
components are so small that they may be neglected. 

The important angles and reflection factors, calculated by 
means of the above formulae, for the range of possible angles of 
deviation, are as follows:— 


Deviation Incidence Rotation Reflection Factors 

a B 9 A B Overall 

0 90 - 00 90 - 00 1.0 1.0 1.0 

30 79 - 27 88 - 01 0.56 0.215 0.1275 
60 69 - 18 81 - 47 0.292 0.035 0.0109 
90 60 - 00 70 - 32 0.177 0.002 0. 00206 
96 58 - 18 67 - 34 0.16 0.0002 0.00190 
101 - 40’ 56 - 45 64 - 33 0.148 0 0.00202 
120 52 - 14 53 - 08 0. 125 0.001 0.00289 
150 46 - 55 29 - Ol 0.100 0.006 0.00398 
180 45 - 00 0 0.092 0.008 0. 00426 


The fact that the final reflected rays from the diagonal are 
polarized—in effect two equal components polarized in their re- 
spective planes of reflection from opposite faces of the “‘“V” groove 
and separated by the angle 6—suggests that polarized shade glasses 
may be used. The first glass is placed so that its axis makes equal 
angles with both A’ components, to give the minimum transmission. 
The second glass is then rotated on the first glass to give the 
desired overall reduction of light. 


20 Wilgar Rd., 
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OUT OF OLD BOOKS 


By HELEN Sawyer Hoce 


For out of olde feldes, as men seith, 

Cometh al this newe corn froe yeer to yere; 

And out of olde bokes, in good feith, 

Cometh al this newe science that Men lere. 
CHAUCER, The Parlement of Foules. 


SCHWABE’s DETERMINATION OF THE SUN-SPOT CYCLE 


Astronomers, both professional and amateur, are familiar with 
the fact that the well-known cycle of sun-spots was first discovered 
just about a century ago by Heinrich Schwabe of Dessau in Germany. 
The careful records that he kept of sun-spots appeared from time to 
time in the Astronomische Nachrichten. One such paper, in 1844, 
has already been published in translation in A Source Book in 
Astronomy, by Shapley and Howarth. 

The definite proof of the ten-year cycle came a few years later 
than this paper, when Schwabe was able to observe his third maxi- 
mum, and the 1851 edition of Von Humboldt’s Cosmos is usually 
cited as the source which first called the attention of the world to 
the sun-spot cycle. 

An excellent summary of Schwabe’s endeavours is given by 
M. J. Johnson, President of the Royal Astronomical Society, when 
the Society’s Gold Medal was awarded to Schwabe in 1857, in 
Monthly Notices, vol. 17, p. 126, 1857. We quote from this account. 
Readers of the Journal may be surprised to learn that nearly a cen- 
tury ago some men considered astronomy an “exhausted science.” 

Gentlemen.—The order of our proceedings has now brought us to the 
presentation of the medal which, as you have heard, the Council has awarded 
to M. Schwabe, for his discovery of the periodicity of the solar spots. 

M. Heinrich Schwabe is a gentleman resident in, and I believe a native of, 
Dessau, the capital of the Duchy of Anhalt Dessau, who, having no professional 
duties, has devoted much time and attention to scientific studies, and has at- 
tained considerable reputation in other departments of knowledge than that in which 
he is known to this Society. Among other accomplishments, I am informed that 


M. Schwabe is an excellent botanist, and has composed, though, I believe, not 
published, a flora of the neighbourhood of Dessau. 
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It was in 1826 that he entered upon those researches which are now to 
«ngage our attention, -- but I am not aware of any published results before those 
in No. 350 of the Astronomische Nachrichten, which appeared in April 1838. 
Here he gives a summary of twelve years’ labour, and though at this time he 
must have begun to foresee the issue, for the indications of periodicity are 
plain, he makes no remark, nor does the memoir appear to have attracted the 
attention of astronomers. 

From this time commence his annual contributions to the Astronomische 
Nachrichten; but it was not till the end of 1843, when he had passed through 
two periods of maximum and minimum, that he very modestly remarks that 
his observations heretofore had given indications of periodicity which that year’s 
result tended to confirm. Still the subject attracted little attention. As far as I 
can discover, the only person who had taken it up was Julius Schmidt, the 
present indefatigable Director of the Observatory at Olmiitz, then residing near 
Hamburg. But the philosopher of Dessau was not disconcerted; he went on ac- 
cumulating fresh proofs of his great discovery, which, when announced in 1851, 
by Alexander Von Humboldt in the third volume of his immortal Cosmos, came 
upon the world with all the freshness of novelty, though in reality the secrets 
had been revealed eight years before. - - - 

His instruments are two telescopes, by Frauenhofer, one a 3%, the other a 
6-foot, with powers of 45, 64, and 96, the last only used in extreme cases. The 
apertures of his object-glasses were generally reduced to 134-inch and 2! a 
inches, an arrangement by means of which he obtained the double advantage of 
being able to protect his coloured glasses, and to use lighter tints than would 
have been otherwise practicable. He particularly recommends glasses of a certain 
blue tint which he obtained from Munich. - - - 

Twelve years, as I have said, he spent to satisfy himself—six more years to 
satisfy, and still thirteen more to convince, mankind. For thirty years never 
has the sun exhibited his disk above the horizon of Dessau without being con- 
fronted by Schwabe’s imperturbable telescope, and that appears to have happened 
on an average about 300 days a-year. So, supposing that he observed but once 
a-day, he has made 9000 observations, in the course of which he discovered 
about 4700 groups. This is, I believe, an instance of devoted persistence (if 
the word were not equivocal, I should say, pertinacity) unsurpassed in the annals 
of astronomy. The energy of one man has revealed a phenomenon that had eluded 
even the suspicion of astronomers for 200 years! [Christian Horrebow had 
suggested that the solar spots might show a periodicity —Ed.] 

Let us hope that the example will not be lost. Men are apt to speak of 
astronomy as an exhausted science, meaning that all that can be known is known. 
No doubt being the most perfect, it is in one sense the most exhausted science. 
But the astronomer of Dessau has taught us that there are still mines rich in 
ore, though they lie deep buried, and must be worked with more assiduity and 
with more care. T can conceive few more unpromising subjects, from which to 
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extract a definite result, than were the solar spots when Schwabe first attacked 
them. 


We reprint now the work cited by Johnson, from Von Humboldt’s 
Cosmos, V. IV, p. 85, translation by Otte and Paul, New York, 
1852. So much has been written now concerning sun-spots and 
weather that it is interesting to note from this article that Schwabe 
himself tried the first correlation of sun-spots against temperature 
or barometer readings, which he kept himself over long intervals. 

From Cosmos, by Alexander Von Humboldt. 


The attempts that have been made to prove, by means of meteorological 
observations prosecuted for many years at individual spots, that one side of the 
Sun (for instance, the side which was turned toward the Earth on the Ist of 
January, 1846) possesses a more intense heating power than the opposite one, 
have not led to more reliable results than the older Greenwich observations of 
Maskeleyne, which were supposed to prove that the Sun had decreased in 
diameter. 

The observations made by Counselor Schwabe, of Dessau, for reducing the 
periodicity of the Sun’s spots to definite numerical relations, appear to have a 
surer foundation. No astronomer of the present day, however admirable may 
have been his instruments, could have devoted his attention more continuously 
to this subject than Schwabe, who, during the long period of twenty-four years, 
frequently examined the Sun’s disk upward of 300 days in the year. As his ob- 
servations of the Sun’s spots from 1844 to 1850 have not yet been published, I 
have presumed so far on our friendship as to request that he would communicate 
them to me, and at the same time answer a number of questions which I proposed 
to him. I will close this section of the Physical Constitution of our Central Body 
with the observations with which this observer has allowed me to enrich the 
astronomical portion of my work. 

“The numbers contained in the following table leave no doubt that, at least 
from the year 1826 to 1850, the occurrence of spots has been so far characterized 
by periods of ten years, that its maxima have fallen in the years 1828, 1837, and 
1848 and its minima in the years 1833 and 1843. I have had no opportunity,” 
says Schwabe, “of acquainting myself with the older observations in a continued 
series, but I willingly concur in the opinion that this period may itself be further 
characterized by variability.’ 

“I observed large spots visible to the naked eye in almost all the years not 
characterized by the minimum; the largest appeared in 1828, 1829, 1831, 1836, 
1837, 1838, 1839, 1847, 1848. I regard all spots whose diameter exceeds 50” as 
large, and it is only when of such a size that they begin to be visible to even 
the keenest unaided sight. 
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“The spots are undoubtedly closely connected with the formation of faculae, 
for I have often observed faculae or shallows formed at the same points from 
whence the spots had disappeared, while new solar spots were also developed 
within the faculae. Every spot is surrounded with a more or less bright luminous 
cloud. I do not think that the spots exert any influence on the annual temperature. 
I register the height of the barometer and thermometer three times in the course 
of each day, but the annual mean numbers deduced from these observations have 
not hitherto indicated any appreciable connection between the temperature and 


Year Groups Days’ Daysof Year Groups Days  Daysof 
showing observation showing observation 
no spots no spots 

1826 118 22 277 1839 162 0 205 

1827 161 2 273 1840 152 3 263 

1828 225 0 282 1841 102 15 283 

1829 199 0 244 1842 68 64 307 

1830 190 1 217 1843 34 149 312 

1831 149 3 239 1844 52 111 321 

1832 84 49 270 1845 114 29 332 

1833 33 139 267 1846 157 1 314 

1834 $1 120 273 1847 257 0 276 

1835 173 18 244 1848 330 0 278 

1836 272 0 200 1849 238 0 285 

1837 333 0 168 1850 186 2 308 

1838 282 0 202 


the number of the spots. Nor, indeed, would any importance be due to the ap- 
parent indication of such a connection in individual cases, unless the results were 
found to correspond with others derived from many different parts of the Earth. 
If the solar spots exert any slight influence on our atmosphere, my tables would, 
perhaps, rather tend to show that the years which exhibit a large number of spots 
had a smaller number of fine days than those exhibiting few spots. 

“William Herschel named the brighter streaks of light which are seen only 
toward the Sun’s circumference, faculae, and the vein-like streaks visible only to- 
ward the center of the Sun’s disk, shallows. I am of opinion that the faculae and 
shallows are both derived from the same conglobate luminous clouds, which ap- 
pear more intensely bright at the circumference, but, being less luminous in the 
center of the Sun’s disk than the surface, exhibit the appearance of shallows. 
I think it preferable to designate all the brighter portions of the Sun as luminous 
clouds, dividing them, according to their form, into globate and vein-like. These 
luminous clouds are irregularly distributed over the Sun, and when more strongly 
manifested occasionally impart a mottled or marbled appearance to the disk. This 
is often distinctly visible over the entire circumference of the Sun, and sometimes 
even to its poles, but yet always most decidedly manifested in the two proper zones 
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of the spots, even when no spots are visible in those regions. At such times these 
bright zones of Sun-spots vividly remind one of Jupiter’s belts. 

“The fainter portions lying between the vein-like luminous clouds on the gen- 
eral surface of the Sun are deeper indentations, and always present a shagreen-like 
gray, sand-like appearance, reminding the observer of a mass of uniformly-sized 
grains of sand. On this shagreen-like surface we may occasionally notice exceed- 
ingly small faint gray (not black) pores, which are further intersected by very 
delicate dark veins. These pores, when present in large masses, form gray nebulous 
groups, constituting the penumbrae of the Sun-spots. Here the pores and black 
points may be seen spreading from the nucleus to the circumference of the 
penumbra, generally in a radiating form, which occasions the identity of con- 
figuration so frequently observed to exist between the penumbra and the nucleus.” 

The signification and connection of these varying phenomena can never be 
manifested in their entire importance to the inquiring physicist until an unin- 
terrupted series of representations of the Sun’s spots can be obtained by the aid 
of mechanical clock-wark and photographic apparatus, as the result of prolonged 
observations during the many months of serene weather enjoyed in a tropical 
climate. The meteorological processes at work in the gaseous envelopes of the 
dark body of the Sun are the causes which produce the phenomena termed Sun- 
spots and conglobate luminous clouds. It is probable that there, as in the meteor- 
ology of our own planet, the disturbances of very multifarious and complicated 
character depend upon such general and local causes, that it can only be by means 
of prolonged observations, characterized by completeness, that we can hope to 
solve a portion of this still obscure problem. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs, The Editor 
will try to secure answers to queries, 


Periopic Comets, 1948 


Five short period periodic comets are due to pass their perihelion 
points in the current year. None of them will be bright enough to be 
observed except with good telescopic or photographic instruments, 
and maps for identification. None of them, however, should escape 
rediscovery. The principle elements of their orbits are given below. 
Ephemerides of their positions in 1948 are published in the Hand- 
book of the British Astronomical Association, and on Harvard An- 
nouncement cards. 


Comet Perihelion a e r Mag. 
A.U years 
Whipple, 1933 IV June 25 3.800 0.3556 741 14.6 
Schwassmann-Wachmann (2), 

1929 I Aug. 24 492 0.3837 6.53 13.9 
Forbes, 1929 IT Sept. 16 3.455 0.5527 6.42 13.6 
Neujmin (2), 1916 II Oct. 9 3.097 0.5641 5.45 14.5 
Neujmin (1), 1913 III Dec. 19 6.851 0.7746 17.93 14.2 


The first two of these comets were rediscovered in 1947, by Jeffers 
and by Van Biesbroeck. In addition to these, several other periodic 
comets will be observable, though not at perihelion. The most re- 
markable of these is Schwassmann-Wachmann (1), 1925, II. This 
comet moves in a nearly circular orbit, and so may be observed even 
at its aphelion. Its brightness is rapidly variable, at times increasing 
several magnitudes in a few days. It is usually one of the faintest 
comets observable, and is always a difficult object for ordinary tele- 


¥. S. 


1948 OBsERVER’s HANDBOOK CORRECTIONS 


Miss Miriam Burland of the Dominion Observatory, Ottawa, has 
kindly drawn attention to some errors in the OBSERVER’s HANDBOOK 
for 1948, which may have been noticed by other readers as well. These 
concern the remarks on the relative brightnesses of Mars, Saturn 
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and Regulus in The Sky Month by Month on pages 30, 32, 34 and 
40. These remarks would apply if Regulus were of magnitude—0.4, 
whereas it actually has magnitude + 1.3. (The absolute magnitude 
of Regulus has been erroneously used in place of its apparent magni- 
tude). Actually Saturn remains brighter than Regulus throughout 
the season and not until the end of June does Mars become as faint 
as Regulus. 

An error of one hour in the predicted time of one of the minima 
of Algol has been reported by Mr. Roy A. Seely, of New York. 
On December 13, 1948 (page 53) this time should be 9h 44m, 
instead of 10h 44m as printed. Fortunately as this minimum occurs 
in the daytime, the error is not likely to cause confusion. 


Bi-MontTHLy JOURNAL 


For many years ten numbers of this JouRNAL have been pub- 
lished yearly by the Royal Astronomical Society of Canada. Due to 
the rapidly rising costs of printing, paper and office maintenance, 
the General Council has decided to reduce, temporarily, the number 


of issues per year. Thus the JourNAL will now appear bi-monthly. 
It is hoped as soon as possible to find ways and means to return to 
the policy of ten issues a year. 


ae 
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